The basis for the extensive variability seen in the reconstitution of CD4 + T cell counts in HIV-infected individuals receiving highly active antiretroviral therapy (HAART) is not fully known. Here, we show that variations in CCL3L1 gene dose and CCR5 genotype, but not major histocompatibility complex HLA alleles, influence immune reconstitution, especially when HAART is initiated at o350 CD4 + T cells/mm 3 . The CCL3L1-CCR5 genotypes favoring CD4 + T cell recovery are similar to those that blunted CD4 + T cell depletion during the time before HAART became available (pre-HAART era), suggesting that a common CCL3L1-CCR5 genetic pathway regulates the balance between pathogenic and reparative processes from early in the disease course. Hence, CCL3L1-CCR5 variations influence HIV pathogenesis even in the presence of HAART and, therefore, may prospectively identify subjects in whom earlier initiation of therapy is more likely to mitigate immunologic failure despite viral suppression by HAART. Furthermore, as reconstitution of CD4 + cells during HAART is more sensitive to CCL3L1 dose than to CCR5 genotypes, CCL3L1 analogs might be efficacious in supporting immunological reconstitution.
HIV-1 infection is characterized by extensive variability in the degree of depletion or recovery in CD4 + T cell (abbreviated as CD4 + ) counts before or after receipt of HAART, respectively. Variability in CD4 + depletion cannot be attributed solely to the extent of viral replication (as reflected by the viral load) 1,2 , as host factors can influence HIV disease course independently of viral load 2, 3 . Similarly, variability in the depth of HAART-induced suppression of viral replication cannot be the sole factor underlying intersubject differences in recovery of CD4 + counts. For example, the majority of HIV-positive subjects who initiate therapy with a low CD4 + nadir during untreated disease (o200 cells/mm 3 ) do not fully recover peripheral or mucosal CD4 + counts, despite HIV-suppressive HAART [4] [5] [6] [7] [8] [9] [10] [11] [12] . Conversely, some HIVpositive individuals show sustained recovery of CD4 + counts in the face of incomplete viral suppression 5, 10, [13] [14] [15] [16] [17] [18] [19] [20] . However, the host factors that mediate this variable CD4 + recovery are largely unknown.
Here we tested the hypothesis that CD4 + depletion and recovery reflect a dynamic balance between pathogenic and reparative processes integrally linked by specific common genetic pathways programmed during early stages of HIV disease. The importance of events occurring within the initial phases of HIV disease is highlighted by the observation that the magnitude of early immune damage determines the development and durability of virus-specific immunity, which dictates, in part, steady-state viral load, initial CD4 + loss and, subsequently, HIV disease course 1, 3, [21] [22] [23] . However, once host genetic factors skew the balance toward pathogenic processes (CD4 + depletion) during early untreated infection, it is unclear whether this imbalance can be fully reversed, even in the presence of HAART-induced viral suppression.
To test our hypothesis, we determined whether specific genetic factors that skew the balance toward pathogenic or reparative processes during early HIV disease also exert a negative or positive influence, respectively, on recovery of CD4 + counts during HAART. We focused on polymorphisms in the genes encoding CCR5, the major HIV co-receptor, and CCL3L1, its most potent HIV-suppressive ligand 24 , for three reasons. First, CCR5 genotypes and CCL3L1 gene copy number (that is, gene dose) influence HIV-AIDS susceptibility 3, [25] [26] [27] [28] [29] . Second, CCL3L1-CCR5 genetic risk groups (GRGs), defined according to different inherited combinations of CCL3L1 dose and CCR5 polymorphisms, influence the extent of early immune damage 3 . Third, CCL3L1-CCR5 GRGs affect HIV disease progression by affecting viral load and parameters independent of the viral load (for example, cellmediated immunity) 3 .
To provide a context for our hypothesis, we considered two additional issues. First, we assessed whether the impact of CCL3L1-CCR5 GRGs on CD4 + recovery is mitigated by HAARTinduced suppression of viral replication during acute or early infection. Second, HLA alleles are crucial in determining the viral load set-point, degree of CD4 + depletion and HIV disease course 29, 30 , but whether those HLA alleles that influence early immune damage also affect CD4 + recovery is unknown; thus we studied the effect of HLA alleles on recovery of CD4 + counts during HAART.
RESULTS

CCL3L1, CCR5, GRG and CD4 + dynamics during HIV infection
During the pre-HAART era, the overall CD4 + counts within the HIV + Wilford Hall Medical Center (WHMC) cohort declined progressively, reaching B300 cells/mm 3 (Fig. 1a) . During the HAART era, CD4 + counts increased, peaked in 2001, and remained at B500 cells/mm 3 thereafter (Fig. 1a) .
However, the time trends for the CD4 + counts differed according to a person's CCL3L1 and CCR5 genetic makeup, that is, low or high CCL3L1 dose (Fig. 1b) and detrimental or non-detrimental CCR5 genotype 27 (Fig. 1c) . Both CCL3L1 low and CCR5 det genotype conferred rapid CD4 + loss and impaired CD4 + recovery during the pre-and post-HAART eras, respectively (Fig. 1b,c) . However, the differences in CD4 + recovery associated with CCL3L1 low and CCL3L1 high (Fig. 1b) were more prominent than those associated with CCR5 det and CCR5 nondet (Fig. 1c) . Concordantly, among subjects of European and African descent, a stepwise increase in CCL3L1 copy number was associated with a stepwise increase in CD4 + recovery rates during HAART (Supplementary Fig. 1a online) . Analyses of the joint effects of CCL3L1 and CCR5 revealed that going from a low to moderate to high CCL3L1-CCR5 GRG was associated with accelerating depletion during the pre-HAART era or increasingly impaired recovery during the HAART era (Fig. 1d) .
CCL3L1, CCR5, GRG and CD4 + recovery during chronic infection Time trends of CD4 + counts indexed from the time of initiation of HAART contrasting CCL3L1 dose, CCR5 genotype and GRG ( Fig. 1e and Table 1 ) were similar to those detected by calendar-era analysis in the WHMC HIV + cohort during the HAART era (Fig. 1b-d) . We next determined whether suppression of viral replication by HAART overshadowed the effects of variations in CCL3L1 and CCR5 on CD4 + recovery. Those HIV-positive individuals who had HAART-induced viral load suppression had robust increases in CD4 + counts and slower AIDS progression rates compared with those who were non-viral load suppressors ( Supplementary Fig. 1b,c) . Additionally, although HIVinfected individuals with transient or sustained viral load suppression did not differ in their rates of disease progression, gains in CD4 + counts were significantly greater in those with sustained viral load suppression ( Supplementary Fig. 1b,c) . However, even among subjects with sustained viral load suppression, CCL3L1-CCR5 variations affected CD4 + recovery ( Table 1 and Supplementary Fig. 1d ). Additionally, these effects were also evident when complementary statistical methods (mixed models) were used ( Supplementary Fig. 2 online) .
CCL3L1, CCR5, GRG and durability of CD4 + recovery Inspection of CD4 + trajectories indicated that during the first 2 years of HAART, CD4 + counts increased regardless of genotype, but differed thereafter according to variations in CCL3L1 and CCR5 (Fig. 1e) . Analyses of CD4 + recovery rates before and after 2 years of HAART substantiated these observations (Fig. 1f) .
Additive effects of CCL3L1 and CCR5 Although a low CCL3L1 dose is a feature common to both high and moderate GRGs (Fig. 1d) , subjects in a high GRG had significantly lower rates of CD4 + gains as compared with those in a moderate GRG (Fig. 1f and Table 1 ). Furthermore, among all subjects who had half of the average CCL3L1 dose of their ethnic or racial group, those who also had a detrimental CCR5 genotype lost CD4 + cells at a faster rate than those who had a nondetrimental CCR5 genotype ( Supplementary  Fig. 1e ). These findings indicate that the effects of a detrimental CCR5 genotype and a low CCL3L1 dose on CD4 + recovery are additive, and that a nondetrimental CCR5 genotype attenuates the negative impact of a low CCL3L1 dose on CD4 + gains.
CCL3L1, CCR5, GRG and CD4 + recovery during early infection HIV-positive subjects in the Acute Infection and Early Disease Research Program (AIEDRP) were stratified according to whether they received HAART during acute or early infection, and we analyzed the effects of CCL3L1 dose and CCR5 genotype on CD4 + recovery in these two groups of subjects separately. Among subjects who initiated HAART during acute infection and who attained viral load suppression, a low GRG was associated with both a higher baseline CD4 + count at time of enrollment into the cohort (619.10 cells/mm 3 versus 440.44 cells/mm 3 in those with low versus moderate-high GRG, respectively; P ¼ 0.0253), and an increase of B150 cells/mm 3 in mean CD4 + counts through 12 months of follow-up (Fig. 2a) . In contrast, in subjects with a moderate or high GRG, post-HAART CD4 + counts remained similar to those detected at baseline (B500 CD4 + cells/mm 3 ; Fig. 2a ). The higher baseline CD4 + counts observed in those with a low GRG than in those with a moderate or high GRG is consistent with our previous report showing that possession of a low GRG blunts the extent of the initial loss in CD4 + cells 3 .
Similar findings were detected in those who received HAART during early infection. Viral load suppression during early HIV infection was associated with robust gains (19.8 CD4 + cells/month) in CD4 + counts (Fig. 2b) . However, even among those who initiated HAART during early infection and who attained viral load suppression, the CD4 + recovery rate was greatest in those with a low GRG (Fig. 2b) . Of note, the individual components of the GRGs-CCL3L1 and CCR5-influenced CD4 + recovery (Fig. 2c) .
GRG effects on CD4 + recovery according to timing of HAART We next determined whether CD4 + recovery was sensitive to both the CCL3L1-CCR5 GRG (or CCL3L1 dose alone) and the immunological status of a subject (as reflected by CD4 + count at the time of initiation of HAART). Among individuals from the WHMC cohort who initiated HAART at o350 CD4 + cells/mm 3 , a low GRG was associated with CD4 + gains, whereas recovery was highly muted in those with a moderate or high GRG ( Fig. 2d and Table 2 ). Notably, each 50-cell decrease in the CD4 + count at the time at which HAART was initiated was associated with a step-wise decline in recovery rates in those possessing a moderate or high GRG and, consequently, a progressively widening difference in CD4 + recovery rates for those with a low versus moderate or high GRG ( Table 2) . Notably, the latter associations persisted even when the high GRG (prevalence of 8%) was removed from analyses ( Table 2 ), indicating that the associations observed are not solely due to a high GRG and that a moderate GRG (prevalence of 42%) also has a significant negative impact on CD4 + recovery rates. In subjects who initiated HAART at Z350 CD4 + cells/ mm 3 , the time trends in CD4 + counts did not reveal significant differences in CD4 + recovery (Fig. 2d) . Similar patterns of CD4 + recovery were observed in therapy-naive and therapy-experienced subjects ( Supplementary Fig. 3a online) . Notably, the differential impact of genotype in subjects who differed according to the CD4 + count at HAART initiation was even more prominent when subjects were categorized according to CCL3L1 dose (Fig. 2e) .
Specificity of GRG effects on CD4 + recovery
The influence of CCL3L1-CCR5 GRGs on CD4 + recovery rates could not be explained by significant inter-GRG differences in viral load suppression or other parameters such as the number of subjects who initiated HAART at o350 or Z350 CD4 + cells/mm 3 according to GRG status, the age at which HAART was initiated, or the pre-HAART CD4 + cell count or viral load (Supplementary Methods and Supplementary Note online). We found that even after adjustment for these covariates (potential confounders), a moderate or high GRG remained as a significant independent determinant of impaired CD4 + recovery rate after 2 years of HAART in those initiating HAART at o350 CD4 + cells/mm 3 ( Table 3) . A trend toward a negative effect of a moderatehigh GRG on CD4 + recovery rates was also observed in those who initiated HAART at Z350 cells/mm 3 ( Table 3) . These results, together with the findings discussed below, indicate that the effect of GRG status on CD4 + recovery is independent of other parameters that are also known to influence immune reconstitution during HAART.
Influence of disease-modifying HLA alleles on CD4 + recovery To test further the generalizability of our hypothesis, we focused on those HLA alleles that influence early immune damage as reflected by Data are for subjects from the WHMC HIV + cohort who received HAART during chronic infection.
a Pre-HAART CD4 + T cell count was the average of all CD4 + T cell counts during the 3 months before initiation of HAART. b Values are defined as in Table 1 . Similar analyses were also conducted by using square-root-transformed CD4 + T cell counts ( Supplementary Fig. 1f ).
steady-state viral load, initial CD4 + loss and delayed-type hypersensitivity (DTH) skin test responses, an in vivo marker of cell-mediated immunity. We addressed this by adopting two unbiased approaches. First, we determined which of the HLA class I alleles at the A, B, and C loci and class II alleles at the DRB1 locus independently influenced AIDS progression rates in a multivariate model. In the combined analyses of European and African Americans from the WHMC, HLA-A*68, HLA-B*57 and HLA-C*16 were the only three HLA alleles that predicted altered disease progression rates, with HLA-A*68 and HLA-C*16 associating with disease acceleration and HLA-B*57 associating with disease retardation (Fig. 3a) . Of these three alleles, only the HLA-B*57 allele also influenced all three markers of early immune damage, as well as the cumulative CD4 + cell count ( Fig. 3b and Supplementary Fig. 3b ). Although possession of the HLA-B*57 allele was associated with a striking reduction in disease progression rates independently of other covariates such as steadystate viral load and GRGs (Fig. 3a) , there were no differences in the overall CD4 + recovery according to HLA-B*57 status (Fig. 3c) . Thus, an overall protective effect of the HLA-B*57 allele was not evident during HAART, and it was noteworthy that during the first 2-3 years after starting HAART possession of this allele was associated with impaired CD4 + cell recovery (Fig. 3c) .
In an alternative approach, we sought to capture the contribution of all HLA alleles, rather than focusing on specific alleles. This approach takes into account the prevailing viewpoint that a common class I allele confers a detrimental on HIV disease course, whereas a rare class I allele confers a beneficial effect 31 . We assigned each HIV + subject an HLA allele frequency score that provided a measure of whether they possessed a common (high score) or rare (low score) HLA allele. In agreement with the prevailing viewpoint, a high score was associated with greater early immune damage and lower cumulative CD4 + counts than a low score (Fig. 3d) . Despite this, after initiation of HAART, the CD4 + time trends according to HLA allele frequency score were similar (Fig. 3e) , indicating that HLA alleles that mitigate early immune damage (for example, lower initial loss of CD4 + cells) do not necessarily confer salutary effects on CD4 + recovery during HAART.
Effects of GRGs on CD4 + recovery are independent of HLA Although a direct effect of HLA alleles on CD4 + recovery was not detected, we could not exclude the possibility of gene-gene interactions between two biological systems (that is, CCL3L1-CCR5 and HLA) that influence early immune damage and, consequently, these interactions affecting CD4 + recovery. We therefore statistically adjusted the effects of GRGs on CD4 + recovery for the three HLA alleles that affected HIV disease progression and for HLA allele frequency score. These analyses showed that after 2 years of HAART, the influence of GRG on CD4 + recovery rates was independent of HLA alleles ( Table 3) .
DISCUSSION
By studying subjects who received HAART during chronic infection, we demonstrate that although both CCL3L1-CCR5 genotype and HLA alleles affect the extent of early immune damage and HIV disease progression independently of viral load (on the basis of results shown here and previously 3 ), only variations in the CCL3L1-CCR5 axis influence recovery of CD4 + counts. This supports our hypothesis that particular genetic pathways (for example, the CCL3L1-CCR5 axis) have dominant effects on both pathogenic and reparative processes during HIV disease.
We also investigated subjects who received HAART during acute or early infection with the following supposition: if there is no relationship between CCL3L1-CCR5 genotype-dependent differences in early immune damage and the subsequent recovery of CD4 + counts during HAART, then initiation of therapy during this early phase would overshadow the impact of CCL3L1-CCR5 genotype on CD4 + gains. However, this was not the case. Hence, collectively, the results of this study emphasize that certain CCL3L1-CCR5 genotypes promote HIV pathogenesis despite viral load suppression by HAART during acute, early or chronic HIV disease; that is, they have an effect on pathogenesis that is independent of the viral load. This inference of a viral load-independent effect on HIV pathogenesis by CCL3L1-CCR5 genotypes amplifies and extends the conclusions of our previous study 3 . However, given the known effects of CCL3L1 dose and CCR5 genotypes on viral entry, we cannot definitively exclude the possibility that they also influence CD4 + reconstitution by affecting the viral infection-target cell component of the host-pathogen relationship, that is, by influencing the extent and rate of suppression of viral replication during HAART. a Values are defined as in Table 1 . b Covariates were calendar year of HAART initiation, age at HAART initiation, pre-HAART viral load, achievement of viral load suppression and prior receipt of antiretroviral therapy. Pre-HAART CD4 + T cell count is as defined in Table 2 .
Similar results for models 1 and 2 were obtained in subjects who were naive for HAART (Supplementary Table 2 online).
Our observations also underscore that HLA alleles that retard HIV disease course might have contrasting effects during HAART, conferring no effects on CD4 + cell recovery or possibly, as observed for the HLA-B*57 allele, a detrimental effect during the initial years of HAART. Recent findings by others concur with these inferences 32, 33 . The reasons for why the beneficial effects of HLA alleles observed during untreated HIV disease are lost during HAART are unclear, but might relate in part to the following conceptual model. During untreated HIV disease, the magnitude of viral replication contributes to CD4 + cell depletion, and, in this scenario, HLA-dependent restriction of viral replication helps mitigate CD4 + cell loss. However, when viral replication is suppressed by HAART, the ability of a person's HLA alleles to recognize HIV peptides and mount an effective cytotoxic T lymphocyte response may not be so consequential. Thus, in the latter scenario, HLA alleles that have protective effects on CD4 + cells in the context of viremia during untreated HIV disease might have minimal beneficial effects on CD4 + recovery during HAART. In contrast, by influencing viral replication, cell-mediated immunity, and processes that are independent of the viral load and cell-mediated immunity 3 , CCL3L1-CCR5 genotypes may affect the CD4 + cell loss observed before initiation of HAART and the CD4 + cell gain during HAART.
The differing effects of low and moderate or high CCL3L1-CCR5 GRGs on reconstitution of CD4 + counts were evident in subjects in whom HAART-induced suppression of viral replication was sufficient to sustain robust gains in CD4 + counts and was also present after accounting for potential gene-gene interactions with HLA alleles and other parameters that influence HIV disease course (for example, age, pre-HAART CD4 + cell count or viral load). These divergent effects suggest that a moderate or high CCL3L1-CCR5 GRG might serve as a genetic basis for the phenotype of incomplete immunologic reconstitution despite sustained viral suppression, whereas a low GRG might underlie the converse phenotype of partial immunologic-clinical stability or recovery in the face of incomplete or transient viral suppression. The clinical importance of identifying genetic factors that contribute to the former phenotype is underscored by the finding that impaired immune reconstitution despite HAART-induced viral load suppression is associated with an increased risk of both AIDSrelated and non-AIDS-related morbidity and mortality 10, 11, [34] [35] [36] [37] [38] .
The genotype-phenotype associations reported here are robust because of several features of the study. First, it includes a large number of HIV-positive subjects representative of the general US population. Second, in our study cohorts, confounding factors such as unequal access to health care and loss of subjects to follow-up were minimized. Third, we found agreement between CCL3L1-CCR5 genotype and phenotype at multiple levels: similar genotypedependent effects were observed whether HAART was given during acute, early or chronic infection; genotypes linked with robust recovery of CD4 + cell numbers also associate with improved CD4 + cell function during HAART 3, 27 ; and there is concordance in the genotypes that mitigate or promote CD4 + depletion during the pre-HAART era and those genotypes that associate with robust or impaired CD4 + recovery during the HAART era. Substantiating the last point, previous studies have found that an HIV disease-retarding genotype (heterozygosity for the CCR5-D32-containing HHG*2 haplotype 25 ) has beneficial effects on CD4 + recovery, whereas an HIV disease-accelerating CCR5 genotype (homozygosity for CCR5 HHE/HHE 25 ) has detrimental effects on CD4 + recovery during HAART [39] [40] [41] [42] . However there is an important caveat: as the findings in these reports and our study are derived from cohorts from the US, the genotype-phenotype relationships observed herein might pertain specifically to clade B HIV-1-host interactions, and thus it it is possible that similar relationships might not be detected within the context of other host-non-B clade HIV settings.
Although CCL3L1 and CCR5 genotype affect CD4 + recovery across a spectrum of both high and low CD4 + counts at which HAART was initiated, it is remarkable that the greatest impact of these genotypes appears to be on sustaining the initial CD4 + gains after 2 years of HAART, especially in those individuals initiating HAART at o350 CD4 + cells/mm 3 . This is noteworthy because the GRG-dependent inflections in CD4 + gains between 2 and 3 years could be missed in clinical trials, which are typically of a shorter duration. The prominent beneficial effects associated with a low CCL3L1-CCR5 GRG on CD4 + recovery in HIV-positive individuals initiating HAART at o350 CD4 + cells/mm 3 suggests that the magnitude of immune reconstitution may be more sensitive to the genetically determined (that is, CCL3L1-CCR5 genetic status) immunologic, rather than virologic, status of the infected host.
On the basis of these findings and those from our previous studies 3, 25, 26 , we propose that very soon after exposure to virus, a person's CCL3L1-CCR5 genotype serves as a rheostat, setting the balance between pathogenic and reparative processes that contribute, in part, to the observed wide heterogeneity in the dynamics of CD4 + cell counts and function not just during untreated HIV infection, but also during therapy. As this phenotypic pathway is genetically programmed during early stages of the disease 3, 25, 26 and can persist during HAART, CCL3L1-CCR5 genotype-dependent HIV pathogenesis may continue in spite of therapy, resulting in impaired immune reconstitution. Thus, the current debate about when to initiate antiretroviral therapy 43 might need to be redirected toward first assessing for whom therapy should be considered, on the basis of the host genotype. For HIV-positive individuals with Z350 CD4 + cells/mm 3 , the current treatment guidelines 44 recommend 'consideration' of therapy, and these guidelines provide some general criteria regarding which people might benefit the most from earlier initiation of HAART. We suggest that, given the poor immunologic response in individuals with a moderate or high CCL3L1-CCR5 GRG, this genetic parameter may also be a useful guide in deciding whether to initiate therapy in those with Z350 CD4 + cells/mm 3 . Furthermore, our findings suggest that, for subjects with a moderate or high GRG in whom therapy is delayed, in addition to HAART, immunologically based adjunctive therapies (for example, recombinant interleukin-2 or recombinant interleukin-7) 45 might need to be developed to diminish the risk of impaired durability of CD4 + responses. The observation that recovery of CD4 + counts during HAART is more sensitive to the copy number of CCL3L1 than to CCR5 genotype raises the possibility that CCL3L1 mimetics might be efficacious in promoting immune reconstitution. Finally, it may be useful to evaluate whether a subject's CCL3L1 gene dose and CCR5 genotype will affect their response to CCR5 blockers used in HIV therapy.
METHODS
Study cohorts. The characteristics of the WHMC cohort, a prospective observational cohort that is a component of the United States Military's Tri-Service AIDS Clinical Consortium Natural History Study, and the AIEDRP cohort are described previously 3, 27, 46 and in the Supplementary Methods. Subjects within the WHMC and AIEDRP cohorts received HAART during chronic and acute-early infection, respectively. Subjects gave informed consent for these studies, and the study was approved by the Institutional Review Boards at the participating institutions (WHMC, University of California at San Diego and University of California at San Francisco).
Genotyping. Methods used to assess CCL3L1 copy number, CCR5 genotype and assign a low, moderate and high CCL3L1-CCR5 GRG are described previously 3, 27 and in the Supplementary Methods. Briefly, CCL3L1 low indicates a CCL3L1 gene copy below the population-specific median and CCL3L1 high indicates a gene copy number greater than or equal to the population-specific median 27 . The average gene dose in European Americans is two copies of CCL3L1, whereas it is three or four copies in HIV-positive and HIV-negative African Americans, respectively 27 . CCR5 det indicates a genotype associated with a rapid rate of disease progression to AIDS and death, and CCR5 nondet indicates all other CCR5 genotypes 27 . A low GRG is defined by possession of a high CCL3L1 gene dose plus nondetrimental CCR5 genotype (CCR5 nondet ), a moderate GRG is defined by a low CCL3L1 gene dose and nondetrimental CCR5 genotype or a high CCL3L1 gene dose and detrimental CCR5 genotype (CCR5 det ), and a high GRG is defined by a low CCL3L1 dose plus detrimental CCR5 genotype 27 (schematic shown in Fig. 1d) . The prevalence of a high and moderate GRG was 8% and 42%, respectively, in the WHMC HIV + cohort 3, 27 . Methods for genotyping of HLA alleles are described in the Supplementary Methods. Although several HLA allele scoring systems have been described 33, [47] [48] [49] [50] , we adapted one 33 , and the details are provided in the Supplementary Methods.
Outcomes. The primary outcome variables were changes in CD4 + T cell counts, plasma HIV-1 viral loads and time trends for these two laboratory parameters. Viral load suppression was defined as attainment of at least two viral load measurements that were below the assay-specific limits of detection on HAART. Sustained viral load suppression was defined as the attainment of at least two viral load measurements that were below the level of detection, and all subsequent viral load measurements were less than 500 copies/ml. Transient viral load suppression was defined as the attainment of at least two viral load measurements below the level of detection and at least one subsequent viral load measurement that exceeded 500 copies/ml on HAART. Other endpoints analyzed were parameters of early immune damage reflected by the baseline CD4 + T cell count, steady-state viral load and DTH skin test responses, as well as a parameter designated as the cumulative CD4 + T cell count, which reflects the extent of CD4 + T cell count changes during HIV disease; these parameters are described previously 3 and in the Supplementary Methods. Statistical analyses. Detailed statistical methods and the number of subjects and CD4 + T cell count or viral load measurements for the data shown herein are in the Supplementary Methods and Supplementary Note. The basis for conducting the linear regressions in two segments, that is, during the first 2 years after initiation of HAART and in the years thereafter, are also described in the Supplementary Methods.
Note: Supplementary information is available on the Nature Medicine website.
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